One of the primary research goals at the Rosenstiel School is real-time forecasting of both Lagrangian trajectories and Eulerian fields associated with such physical parameters as velocity, temperature, salinity, and density profiles. The five major components of this effort are (i) HYCOM the HYbrid Coordinate Ocean Model, (ii) data from Lagrangian drifters and satellite-derived sea surface temperature and height fields, (iii) a reduced-order information filter with a Gauss-Markov Random Field (GMRF) model for spatial covariances, (iv) a nonlinear particle dynamical model for Lagrangian trajectory prediction, and (v) feature-based parameter estimation and assimilation techniques.
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The Reduced Order Information Filter (ROIF) for the next generation of HYbrid Coordinate Ocean Models (HYCOM) was formulated and tested. Our methodology produced excellent results for a twodegree horizontal resolution simulation and we are presently porting the code to 1/3 degree and then 1/12 degree horizontal resolution HYCOM simulation of the North and Tropical Atlantic.
RESULTS
The Reduced Order Information Filter (ROIF) is a Kalman filter-based assimilation technique that utilizes Gaussian Markov Random Field (GMRF) to efficiently encode the covariance matrix. Numerical implementation of ROIF technology has been keeping pace with the developments in HYCOM in terms of both model physics and coding convention. The starting point was the ROIF implementation for a multi-layer eddy-resolving MICOM double-gyre simulation (Chin/Haza/Mariano, 2001 ). The hybrid use of GMRF in the horizontal (isopycnal) planes and empirical statistics in the vertical direction have been shown to be an effective tradeoff between the computational resource and accuracy of the analysis. This assimilation approach has then been tested on a 2-degree North Atlantic configuration with the new HYCOM with similar positive results. The difference in vertical coordinate system is the main distinction between MICOM and HYCOM. The use of empirical statistics in our implementation of ROIF has provided us with flexibility when porting the assimilation system from one ocean model to the other. The HYCOM code has just gone through a major make-over (i.e., the announcement of its first official model code, version 2). Presently, the ROIF is being re-coded for compatibility with this official HYCOM. At the same time, approaches used in the Ensemble Kalman filter are being incorporated to generate the empirical statistics needed along the vertical. An expected result is a hybrid of the ensemble approach and ROIF --EnROIF.
The assimilation methodology of ROIF has also seen some mathematical maturity in recent months. Technical results in insuring the positive definiteness of the GMRF-covariance have been published ). In addition, suitability of the GMRF-based approach (such as ROIF) to reconstruction of the meso-scale ocean features has been argued in terms of linear subspaces, and this idea has been presented at Fleet Numerical (FNMOC) and NRL (Monterey) and discussed with the scientists there. It is argued that a GMRF is able to represent a greater, effective subspace allowing ROIF to reconstruct a wider range of meso-scale feature geometry. This finding is being prepared as a submission to a scientific journal .
IMPACT/APPLICATIONS
These results are being applied to the NOPP-funded HYCOM modeling consortium's effort (see transitions) to produce a reliable and efficient ocean forecast system for the Navy. Both Chin and Mariano visited FNMOC and NRL as a guest of Professor Andrew Bennett. We presented two seminars summarizing the Navy relevant aspects of our work and met with a number of oceanographers and meteorologists and discussed data assimilation methodologies and how to best evaluate ocean circulation models.
A complete summary of ocean surface currents is being constructed as a web-based reference system. We hope to finish the Atlantic Ocean by early 2002 and make our results available to the oceanographic community and for educational outreach. 
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